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ABSTRACT 



A system for locating of objects in a three-dimensional space 
comprises: (a) an impulse radio network including at least 
three reference impulse radio units and at least one mobile 
position indicating apparatus; position information relating 
the impulse radio units is recorded by at least one indicating 
impulse radio unit; the impulse radio units are in commu- 
nication; and (b) an affixing structure for affixing a respec- 
tive mobile position indicating apparatus with a respective 
object. A respective mobile position indicating apparatus 
transmits an impulse radio identifying signal that is received 
by a receiving impulse radio unit. An indicating impulse 
radio unit cooperates with the receiving impulse radio unit 
in using the identifying signal for developing coordinate 
information for locating the respective mobile position indi- 
cating apparatus. The method comprises the steps of: (a) 
providing an impulse radio network including at least three 
reference impulse radio units and at least one mobile posi- 
tion indicating apparatus; position information relating the 
impulse radio units is recorded by at least one indicating 
impulse radio unit; the impulse radio units are in commu- 
nication; (b) providing an affixing structure for affixing a 
respective mobile position indicating apparatus with a 
respective object; (c) transmitting an impulse radio identi- 
fying signal from a respective mobile position indicating 
apparatus; (d) Receiving the identifying signal by a receiv- 
ing impulse radio unit; and (e) operating an indicating 
impulse radio unit in cooperation with the receiving impulse 
radio unit to determine the location of the mobile position 
indicating apparatus. 

20 Claims, 24 Drawing Sheets 
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Also, the present invention enables prison personnel to 
communicate with or eavesdrop on a prisoner. 

It is to be understood that, while the detailed drawings and 
specific examples given describe preferred embodiments of 
the invention, they are for the purpose of illustration only, 
that the apparatus and method of the invention are not 
limited to the precise details and conditions disclosed and 
that various changes may be made therein without departing 
from the spirit of the invention which is defined by the 
following claims. 

We claim: 

1. A system for locating a plurality of objects in a 
three-dimensional space; the system comprising: 

(a) a digital time-shift modulated ultra wideband impulse 
radio network; said impulse radio network employing 
pulse position modulation for indicating information; 
said impulse radio network including at least three 
reference impulse radio units and at least one mobile 
position indicating apparatus; position information 
relating said at least three reference impulse radio units 20 
being recorded by at least one indicating reference 
impulse radio unit of said at least three reference 
impulse radio units; said at least three reference 
impulse radio units being in mutual communication; 
and 

(b) an affixing structure; said affixing structure affixing a 
respective mobile position indicating apparatus of said 
at least one mobile position indicating apparatus with a 
respective object of said plurality of objects; 

a respective mobile position indicating apparatus of said at 
least one mobile position indicating apparatus transmitting 
an impulse radio identifying signal; said identifying signal 
being received by at least one receiving reference impulse 
radio unit of said plurality of reference impulse radio units; 
at least one indicating reference impulse radio unit of said at 
least three reference impulse radio units cooperating with 
said at least one receiving reference impulse radio unit in 
using said identifying signal for developing coordinate 
information for determining said locating of said respective 
mobile position indicating apparatus. 

2. A system for locating a plurality of objects in a 
three-dimensional space as recited in claim 1 wherein at 
least one reference impulse radio unit of said at least three 
reference impulse radio units is a mobile radio unit. 

3. A system for locating a plurality of objects in a 45 
three-dimensional space as recited in claim 1 wherein said at 
least three reference impulse radio units are fixed radio units. 

4. A system for locating a plurality of objects in a 
three-dimensional space as recited in claim 1 wherein said 
plurality of objects includes a plurality of items of rental 50 
equipment and wherein said affixing structure affixes said 
respective mobile position indicating apparatus to a respec- 
tive item of said plurality of items of rental equipment. 

5. A system for locating a plurality of objects in a 
three-dimensional space as recited in claim 1 wherein said 55 
plurality of objects includes a plurality of skier persons and 
wherein said affixing structure affixes said respective mobile 
position indicating apparatus to a respective individual skier 
person of said plurality of skier persons. 

6. A system for locating a plurality of objects in a 
three-dimensional space as recited in claim 5 where in said 
afi&xing structure comprises a band structure for fixably 
encircling a limb of said respective individual skier person. 

7. A system for locating a plurality of objects in a 
three-dimensional space as recited in claim 5 wherein said 
respective mobile position indicating apparatus is a receiv- 
ing mobile position indicating apparatus, said receiving 
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mobile position indicating apparatus at least periodically 
receiving a location indication from at least one of said at 
least three reference impulse radio units; said location 
indication relating to own location of said receiving mobile 
position indicating apparatus. 

8. A system for locating a plurality of objects m a 
three-dimensional space as recited in claim 7 wherein said 
receiving mobile position indicating apparatus includes a 
display element; said receiving mobile position indicating 
apparatus displaying said own location using said display 
element. 

9. A system for locating equipment pieces in a geographic 
area; the system comprising: 

(a) a digital time-shift modulated ultra wideband impulse 
radio network; said impulse radio network employing 
pulse position modulation for indicating information; 

(1) a plurality of reference impulse radio units; and 

(2) a plurality of mobile position indicating appara- 
tuses; and 

(b) affixing structures associated with said plurality of 
mobile position indicating apparatuses for affixing 
respective individual mobile position indicating appa- 
ratuses of said plurality of mobile position indicating 
apparatuses to selected individual equipment pieces of 
said equipment pieces; 

selected mobile position indicating apparatuses of said plu- 
rality of mobile position indicating apparatuses being trans- 
mitting mobile position indicating apparatuses; said trans- 
mitting mobile position indicating apparatuses transmitting 
respective impulse radio identifying signals; each said 
respective identifying signal being related to a respective 
said transmitting mobile position indicating apparatus; said 
respective identifying signal being received by at least one 
receiving reference impulse radio unit of said plurality of 
reference impulse radio units; at least one indicating refer- 
ence impulse radio unit of said plurality of reference impulse 
radio units cooperating with said at least one receiving 
reference impulse radio unit in using said respective iden- 
tifying signal for developing position information for deter- 
mining said locating of said respective transmitting mobile 
position indicating apparatus. 

10. A system for locating equipment pieces in a geo- 
graphic area as recited in claim 9 wherein at least one 
reference impulse radio unit of said plurality of reference 
impulse radio units is a mobile radio unit. 

11. A system for locating equipment pieces in a geo- 
graphic area as recited in claim 9 wherein said plurality of 
reference impulse radio units are fixed radio units. 

12. A system for locating persons in a geographic area; the 
system comprising: 

(a) a digital time-shift modulated ultra wideband impulse 
radio network; said impulse radio network employing 
pulse position modulation for indicating information; 

(1) at least three reference impulse radio units; and 

(2) a plurality of mobile position indicating appara- 
tuses; and 

(b) affixing structures associated with said plurality of 
mobile position indicating apparatuses for affixing 
respective individual mobile position indicating appa- 
ratuses of said plurality of mobile position indicating 
apparatuses to selected individuals of said persons; first 
selected mobile position indicating apparatuses of said 
plurality of mobile position indicating apparatuses 
being transmitting mobile position indicating appara- 
tuses; said transmitting mobile position indicating 
apparatuses transmitting respective impulse radio iden- 
tifying signals; each said respective identifying signal 
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being related to a respective said transmitting mobile 
position indicating apparatus; said identifying signal 
being received by at least one receiving reference 
impulse radio unit of said at least three reference 
impulse radio units; at least one indicating reference 5 
impulse radio unit of said at least three reference 
impulse radio units cooperating with said at least one 
receiving reference impulse radio unit in using said 
respective identifying signal for developing position 
information for determining location of said respective 10 
transmitting mobile position indicating apparatus. 

13. A system for locating persons in a geographic area as 
recited in claim 12 wherein at least one reference impulse 
radio unit of said at least three reference impulse radio units 

is a mobile radio unit. 15 

14. A system for locating persons in a geographic area as 
recited in claim 12 wherein said at least three reference 
impulse radio units are fixed radio units. 

15. A system for locating persons in a geographic area as 
recited in one of claims 12-14 wherein said at least one 20 
mobile position indicating apparatus is in duplex commu- 
nication with said at least one reference impulse radio unit 
and wherein said at least one impulse radio unit communi- 
cates a generalized coordinate reference signal to said at 
least one mobile position indicating apparatus; said at least 25 
one mobile position indicating apparatus including a display 
element for displaying said location of said at least one 
mobile position indicating apparatus. 

16. A system for locating persons in a geographic area as 
recited in claim 12 wherein second selected mobile position 30 
indicating apparatuses of said plurality of mobile position 
indicating apparatuses are receiving mobile position indi- 
cating apparatuses, respective said receiving mobile position 
indicating apparatuses at least periodically receiving a 
respective location indication from at least one of said at 35 
least three reference impulse radio units; said respective 
location indication relating to own location of said respec- 
tive receiving mobile position indicating apparatus. 

17. A system for locating persons in a geographic area as 
recited in claim 12 wherein said respective receiving mobile 40 
position indicating apparatuses include a display element; 
said respective receiving mobile position indicating appa- 
ratuses displaying said own location using said display 
element. 

18. A method system for locating a plurality of objects in 45 
a three-dimensional space; the method comprising the steps 
of: 

(a) providing a digital time-shift modulated ultra wide- 
band impulse radio network; said impulse radio net- 
work employing pulse position modulation for indicat- 
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ing information; said impulse radio network including 
at least three reference impulse radio units and at least 
one mobile position indicating apparatus; position 
information relating said at least three reference 
impulse radio units being recorded by at least one 
indicating reference impulse radio unit of said at least 
three reference impulse radio units; said at least three 
reference impulse radio units being in mutual commu- 
nication; 

(b) providing an affixing structure; said affixing structure 
affixing a respective mobile position indicating appa- 
ratus of said at least one mobile position indicating 
apparatus with a respective object of said plurality of 
objects; 

(c) transmitting an impulse radio identifying signal from 
a respective mobile position indicating apparatus of 
said at least one mobile position indicating apparatus; 

(d) receiving said identifying signal by at least one 
receiving reference impulse radio unit of said plurality 
of reference impulse radio units; and 

(e) operating at least one indicating reference impulse 
radio unit of said at least three reference impulse radio 
units in cooperation with said at least one receiving 
reference impulse radio unit to use said identifying 
signal to develop coordinate information for determin- 
ing said locating of said respective mobile position 
indicating apparatus. 

19. A method for locating a plurality of objects in a 
three-dimensional space as recited in claim 18 wherein said 
respective mobile position indicating apparatus is a receiv- 
ing mobile position indicating apparatus, and wherein the 
method comprises the further step of: 

(f) at least periodically receiving a location indication by 
said receiving mobile position indicating apparatus 
from at least one of said at least three reference impulse 
radio units; said location indication relating to own 
location of said receiving mobile position indicating 
apparatus. 

20. A method for locating a plurality of objects in a 
three-dimensional space as recited in claim 19 wherein said 
receiving mobile position indicating apparatus includes a 
display element, and wherein the method comprises the 
further step of: 

(f) displaying said own location at said receiving mobile 
position indicating apparatus using said display ele- 
ment. 

***** 
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